Malaria is amongst the most common parasitic infections in the world. In Africa it causes one in every five childhood deaths, with one child dying of malaria every 30 seconds. People living in malaria endemic areas appear to have protective immune mechanisms, which may be naturally occurring or acquired from exposure to the malaria parasite. These protective factors play an important role in reducing morbidity and mortality from malaria. This review is aimed at exploring and explaining the mechanisms for a selection of the main protective factors to malaria in man. Using an extensive literature review of prominent articles, this paper identifies and summarizes these mechanisms which may be acquired or genetic. The challenge for the future will be to translate these notions into the development of interventions for the prevention and treatment of malaria.
INTRODUCTION
Malaria is the most common cause of ill health and death in Africa and remains a major factor limiting economic growth and development on the continent. It is a significant global public health challenge with 216 million cases and 655,000 deaths estimated in 2010, 86% of which were in infants below the age of 5 years living mostly in the African region [1] .
From a historical perspective, man and Plasmodium falciparum have been co-existing since the onset of the practice of agriculture about 10, 000 to 20, 000 years ago. By domesticating plants and animals, man became exposed to one of the major vectors of malaria, the Anopheles gambiae sl complex. The biological interaction between man and the malaria parasite may have resulted in selective pressure exerted by the parasite on the human genome such that some persons in malaria infected areas now demonstrate selective protective advantages against severe and lethal strains of malaria [2] . In pregnant women, children and non-immune individuals a more severe form of malaria is experienced. In particular, some persons appear to have a genetic or immunologic predisposition to having less frequent and milder episodes of malaria raising the question of naturally occurring or acquired immune protective mechanisms expressed in some groups of persons.
In this article, we revisit some of these observed genetic and acquired mechanisms responsible for protection against malaria. In spite of the decline in the burden of malaria, we believe there is a need to have a revised and collated understanding of the role and possibly the magnitude of the effect of these protective mechanisms in further reducing the burden of malaria.
To conduct this review, a comprehensive search of the US National Library of Medicine data base-PubMed and Google Scholar was carried out without date restrictions. Peer-reviewed articles describing the immune protective mechanisms in malaria were identified and used for this review. Various combinations of the following search terms were employed: malaria, plasmodium, immunity, protection, mechanism. The websites of relevant scholarly societies such as the World Health Organization were consulted for information and additional citations.
PHYSIOLOGY OF THE RED BLOOD CELL IN MA-LARIA INFECTION
Part of the life cycle of the parasite responsible for malaria, Plasmodium spp, occurs in mature erythrocytes. The symptoms of malaria manifest when parasites invade a red blood cell (RBC) consuming its hemoglobin and multiplying to produce 8-32 'daughters' or merozoites inside the cell [3] . Development and multiplication of the parasite within normal red blood cells induces marked cellular modification that further favors division of the microbe [4] . At this stage host cell receptors and the proteins of the parasite interact, resulting in striking structural, biochemical and functional changes in the red blood cells e.g. parasite-induced loss of integrity in the RBC membrane. These modifications include increased membrane rigidity, reduced cell flexibility and greater adhesiveness to the vascular endothelium [5] . Of particular importance for understanding the protective mechanisms involved are the observed alteration of membrane protein organization and exportation of plasmodium protein which interferes with the adhesive and mechanical properties of RBCs.
Moreover, these physiological changes result in increased sequestration and lysis of parasitized RBCs in very small blood vessels accounting for clinical syndromes such as anemia and cerebral malaria [5] .
MALARIA PROTECTIVE MECHANISMS
Infection with the plasmodium parasite and the subsequent multiplication of the parasite within the RBCs can lead to disease and death of the host. On the other hand, the host could have innate protective mechanisms or acquire such mechanisms from repeated exposure over time. Such immunity may deter or inhibit parasite growth and multiplication, reducing the severity of disease and risk of death thus offering some protection against this deadly disease. While everyone in a malaria endemic area has the opportunity to develop acquired immunity from continuous exposure and repeated malaria infection, only a number of persons at risk have genetically determined or innate immunity to the disease.
Our review categorizes protective mechanisms under two broad headings, which are commonly encountered mechanisms in our area of practice and each of which is further explored as outlined below (Fig. 1). A. Genetic protective mechanisms: hemoglobinopathies, enzymopathies, erythrocyte polymorphisms, and immunogenetic susceptibility.
B. Acquired protective mechanisms: premunition, and age.
GENETIC PROTECTIVE MECHANISMS Hemoglobinopathies
Although several hemoglobin syndromes have been described, the clinically important hemoglobin syndromes result from single amino acid substitutions in the α or β chains of adult hemoglobin. This section will examine the impact of malaria on the homozygous disease and present key evidence for the protective state conferred by the heterozygous state.
Sickle Cell Disease (SCD)
In some African countries like Cameroon, the Republic of Congo, Gabon, Ghana and Nigeria, the prevalence of sickle cell disease ranges from 20% to 30%, while in some parts of Uganda it is as high as 45%. In countries where the prevalence of the trait is high (above 20%), the disease affects 2% of the population [6].
SCD is a hereditary disease with recessive autosomal transmission. Despite its ubiquitous character, it affects mostly persons of African origin [7] . The co-occurrence in Africa of the zones of severe malaria and those where sickle cell mutation is endemic has been known for a long time [8] . It is characterized by an abnormal structure of the hemoglobin molecule, in which glutamic acid on position 6 on the β chain is replaced by valine. This minor substitution has profound physiological implications. Low oxygen states result in stacking of sickle hemoglobin molecules and distortion of the RBC membrane forming a sickle shaped cell. In the homozygous state, there is a resultant chronic hemolytic anemia which when complicated by malaria increases mortality from this disease. The heterozygous variant runs a benign clinical state and is believed to confer a degree of resistance to malaria. A selective role for Plasmodium provides a survival advantage to the sickle cell trait (AS) heterozygotes while the patients with the sickle cell disease (SS) usually die prematurely [9] . This observation suggests that the S hemoglobin may confer an advantage in malaria endemic areas. In effect, homozygotes (HbSS) die from sickle cell disease complications, and heterozygotes (HbAS) are resistant to malaria [10, 11] .
The possible hypotheses of this observation can be explained from cellular, biochemical and polymorphic adaptations and explained as follows:
Cellular Adaptations
The RBC of sickle cell carriers when affected by plasmodium adhere less to the vascular endothelium and this has been described as the impaired cyto-adherance phenomenon.
The RBC also shows a weak expression of Plasmodium falciparum erythrocyte membrane protein 1(pfEMP-1) on its surface (impaired rossetting) compared to normal AA RBCs. This pfEMP-1 is a key virulent factor for Plasmodium falciparum infection. This protein is expressed on the surface of infected erythrocytes and directly mediates adhesion to a variety of host cells [12] .
Biochemical Adaptations
During sickling, there is potassium loss due to two mechanisms: -Increase in the activity of the K + -Cl -co-transporter, with subsequent efflux of potassium and chloride.
Increase in the activity of the calcium-potassium dependent channel (Gardos effect), due to the transient increase in calcium concentration in the cell during sickling.
The osmotic loss of water resulting from the loss in potassium increases the concentration of HbS in the cell as well as its polymerization. Both the water loss, and increased polymerization during these pathological processes are the main determining factors inhibiting growth of the parasite in the cell [13] . It is also thought that the activation of the anionic channels and non selective calcium permeable channels by Plasmodium falciparum in infected erythrocytes, stimulates bi-directional phospholipid migration across the bilayer. This results in phospholipid asymmetry of the cell membrane. The end point is the binding of the phospholipid receptors on to macrophages with subsequent phagocytosis of the affected red blood cells. This accelerated red blood cell "apoptosis" may indicate a variety of defense mechanisms of the host which will serve to eliminate the infected red blood cells. This accelerated erythrocyte "apoptosis" may represent a host defense mechanism serving to eliminate infected erythrocytes [14] .
Polymorphic Adaptations
The malaria parasite upon entering a RBC, destroys the hemoglobin thus reducing oxygenation and deforming the cell. There is consequently an increase in the rate of destruction of sickled RBCs in malaria. Repeated infection appears to confer some measure of immunity because of the increased parasite clearance along with deformed RBC [7, 10, 13] . Since the non-parasitized RBCs are dominant, the individual's chances of survival increase because the malaria parasites are regularly eliminated. The heterozygous state (HbAS) benefits from this protective mechanism and therefore confers a greater probability of survival from malaria compared to the homozygous state (HbAA or HbSS) where parasitic infestation is higher and fatal complications of malaria are more likely because of the lack of protection [7, 10, 15] .
From the above mechanisms the resulting effect is that the persons in the homozygous state HbSS and HbAA have higher malaria-associated morbidity and mortality [15] .
From a different perspective, Fereira et al. reported that sickle Hb provokes the expression of the enzyme heme oxygenase-1 (HO-1) in hematopoietic cells, through a mechanism which involves the transcription factor NF-E2-related factor 2 (Nrf2). Carbon monoxide (CO), which is a byprod-uct of heme breakdown, prevents further accumulation of circulating free heme following Plasmodium infection, and this suppresses the pathogenesis of experimental malaria (ECM). In addition, sickle Hb inhibits activation of pathogenic CD8+ T cell recognizing antigens expressed by the Plasmodium [16] .
Evidence of both innate and acquired protection against malaria has been demonstrated in sickle cell trait (HbAS) patients. Gong et al, demonstrated that in these patients, innate mechanisms induce reinforced protection against high parasitemia, and reinforced protection against outblown malaria infection, and that acquired immunity from repeated malaria infection further potentiates these effects [17] .
Hemoglobinosis C
Hemoglobinosis C (HbC) is most frequent in West Africa, with a high prevalence above 25% in some regions exceeding that of HbS [18] . Hemoglobinosis C is a genetic autosomal recessive disease, due to a mutation on the gene of the β-globin chain. This results in the substitution of glutamic acid by lysin on position 6 of the β-globin chain in the amino acid sequence. After sickle cell anemia it constitutes the second most frequent hemoglobinosis in West Africa. The highest frequencies are observed in Ghana, Burkina Faso and Benin [19] . HbC has the property of crystallizing causing some rigidity of the RBCs and therefore early haemolysis.
The protective effect against malaria provided by HbC was first described in Mali in 1998 [20] . That study revealed that HbAC was associated with a risk reduction of approximately 80% of the risk of developing severe forms of malaria. Another study in 2001 reported a 29% reduction of risk of malaria in heterozygous carriers of HbAC, and 93% in HbCC homozygous subjects [21] . Rihet et al. in 2004 in Burkina Faso observed a reduction of the incidence of malaria and parasitaemia in HbC carriers compared to AA subjects [22] .
RBCs, which contain hemoglobin C, are more fragile and seem to carry more surface gamma immunoglobulins (IgGs) therefore selectively favoring elimination from the circulatory system through the reticulo-phagocytic system of the spleen [23] . The homozygous CC have a higher mean corpuscular concentration of Hb compared to normal RBCs leading to the crystallization of HbC [24] . RBCs of AC and CC individuals are more rigid than those of AA subjects [24] . These changes are less observed in the heterozygous state, HbAC, consequently, in contrast to the sickle cell trait the main protective benefit from HbC appears to be seen in homozygous CC rather than the heterozygous state.
In spite of these physiologic differences observed in hemoglobinosis C, the possible explanations for the protection it confers are not balanced and appear to be incomplete. However, possible hypotheses include the inability of merozoites to penetrate RBCs containing HbC, the non-rupture of schizonts in the RBCs containing HbC, and the inhibition of the growth of plasmodium in the RBCs containing HbC [25, 26] . Fairhurst et al, demonstrated that in contrast to parasite-infected normal AA erythrocytes, infected AC and CC red blood cells show reduced adhesion to endothelial mono layers expressing CD36 and intercellular adhesion molecule-1 (ICAM-1). They also show impaired rosetting interactions with non-parasitized red cells, and reduced agglutination in the presence of pooled sera from malaria-immune adults. Abnormal cell-surface display of the main cytoadherence ligand, PfEMP-1 (P. falciparum erythrocyte membrane protein-1) correlates with these findings. The abnormalities in PfEMP-1 display are associated with markers of erythrocyte senescence, and are more in CC than in AC erythrocytes. Hemoglobin C might then protect against malaria by reducing PfEMP-1-mediated adherence of parasitized red blood cells, thereby mitigating the effects of their sequestration in the microvasculature [18] .
Mockenhaupt et al. in Ghana, showed that natural selection of Hb C occurs because of the relative resistance it confers against severe malaria but are against the notion that Hb C offers resistance to asymptomatic parasitic infection [27] .
Hemoglobin F
Foetal hemoglobin (HbF) contains a γ polypeptide chain in the place of the β chain of hemoglobin A. After 8 weeks of gestation, HbF is the predominant hemoglobin. At 24 weeks, it represents 90% of total hemoglobin. During the last trimester of pregnancy, a gradual reduction in the hemoglobin F level is noted, lowering the level of HbF to 70% of total hemoglobin. The synthesis of HbF decreases after birth and only traces are found between 6 and 12 months [28, 29] . Hemoglobin F contains 2, 3-diphosphoglycerate which has a low affinity for oxygen, hence making the environment inside the RBCs unfavorable for the growth of the parasite [28] . Roberts et al., summarize resistance to malaria of normal neonates and infants during the first six months of life by increased malaria invasion rates in Hb F-containing cells, resulting in fewer parasites available for invasion of the Hb A-containing cells and slowed growth within the Hb F cells [11] .
Thalassemia
Hemoglobin is a tetramer responsible for delivering providing and carrying oxygen to all tissues, and in adults consists of 2 α-globin and 2 β-globin chains. Thalassemias are hemoglobinopathies resulting from alterations in the synthesis of globin chains. While α-thalassemia displays an abnormal α-globin synthesis, the amount of β-globin is diminished in β-thalassemia. Alpha-thalassemia is caused by decreased synthesis of an α-globin chain resulting from deletion of the duplicated α-globin genes located on chromosome 16, whereas β-thalassemia is produced by decreased synthesis of β-globin leading to a relative excess of α-globin chains. The β-globin gene is localized on chromosome 11p15.5, and is responsible for the synthesis of the hemoglobin's β-globin polypeptide [16] .
Alpha thalassemia and to a lesser degree, beta thalassemia are protective against malarial infection [11] . The mechanism of malaria protection in thalassemia remains putative and very controversial. In thalassemia, it is believed that oxidative stress plays a protective role, given that the hemoglobin is normal, and therefore may not be implicated in its protective mechanism. Also a microcytic polyglobulinemia frequent in thalassemias is the most characteristic sign of α or β thalassemia, and this cellular adaptation offers protection against massive destruction and severe anemia. The increased occurrence of microcytosis in homozygous individuals contributes to the protection against severe anemia due to malaria [10] . These microcytic RBCs are more resistant in a hypotonic solution and also seem to be more resistant to attacks by sporozoites which cause malaria [11] .
Other studies have indicated that Plasmodium-infected α-thalassemic erythrocytes bind high levels of antibody sera from malaria-endemic areas (which could be the optimum target for immune responses). Opsonization, complementmediated lysis, antibody-dependant cytotoxicity and inhibition of sequestration of infected red blood cells , are the most frequent potential anti-parasite effector mechanisms which might be promoted by these antibodies. Polymorphism in the complement receptor-1 (CR1) gene leading to a reduced level of CR1 expression in erythrocyte (a polymorphism commonly found in regions of Papua New Guinea) and α-thalassemia are both associated with CR1 deficiency. CR1-deficient erythrocytes have shown a marked reduction in their ability to form rosettes [16] .
Some reports indicate that protection from malaria may be lost if there is coexistence of sickle trait and α-thalassemia through a mechanism not well understood [30] .
ENZYMOPATHIES

Glucose-6-Phosphate Dehydrogenase (G6PD) Deficiency
About, 7.5% of the world's population has one of the variants of G6PD deficiency without any clinical manifestations, and about 3.4% of this population has a potential risk of being symptomatic [31] .
About 400 million people worldwide (90% being males) are affected by G6PD deficiency, mostly in malaria endemic zones and in people originating from these areas [32] . It has a high frequency in the Mediterranean countries, subSaharan Africa, Middle East, and Asia. People of African or Hispanic descent in North and South America, West Indies are equally affected [33] . G6PD deficiency (or favism) is a genetic disease transmitted in a recessive mode on chromosome X, predominant in male children. Females, though rarely affected, may transmit the disease. G6PD plays an important role in the reduction of oxidants, which are indispensible in cellular metabolism and in RBC survival [33, 34] . Males are hemizygous for the G6PD gene and can therefore fully express G6PD deficiency. Affected hemizygous males and homozygous females fully experience the deficiency, whereas in heterozygous females the disease has a variable expression, and is often absent or moderate [34] .
One peculiar aspect with G6PD deficiency is the protection it confers against malaria and its superimposition on Plasmodium falciparum endemic areas. In G6PD deficiency, the coexistence of a moderate oxidant stimulus increases cellular resistance to the parasite growth. In infectious states, oxidants are released in RBCs leading to membrane alterations with the formation of epitomes familiar with the immune system. In G6PD deficiency, this erythrocyte defense mechanism is weakened making the altered cells vulnerable to hemolysis. This effect is however temporary because the parasite rapidly adapts, though relatively, because it is particularly fragile to oxidant stress. This situation gives the host an advantage during malaria infestation since the parasite is particularly sensitive to oxidants, and the RBCs of G6PD deficient patients, which are rich in oxidants, are a less favorable milieu for its development [32] . Ring-stage parasitized erythrocytes, unlike trophozoite-stage parasitized erythrocytes, are nontoxic to phagocytes, and their increased removal by phagocytosis would reduce maturation to the trophozoite-stage and to schizonts and may contribute to malaria resistance in deficient subjects [35] .
Hemizygous males are protected against life-threatening malaria from G6PD deficiency which is influenced by a strong natural selection. Very little or none of such protection occurs in heterozygous females [36] . Contrarily, Clark et al, illustrated in a study in Gambian children, that both G6PD-deficient male hemizygous and female heterozygous individuals are protected from severe malaria [37] .
ERYTHROCYTE POLYMORPHISM
Duffy Antigen
The Duffy antigens are antigens expressed on red blood cells and other cells in the body acting as a chemokine receptor. The expression, of the Duffy antigens on blood cells is coded by Fy genes (Fya, Fyb, Fyc etc.) [38, 39] . Plasmodium vivax is unique in human malaria infection in that invasion of erythrocytes depends exclusively on the Duffy antigen receptors on the red cell surface. However, it is possible not to have nor express the Duffy antigen on RBCs (Fy-/Fy) [39, 40] . This genotype confers complete resistance to Plasmodium vivax infection. The genotype is very rare in European, Asian and American individuals, but very frequent in populations of the indigenous West and Central Africa. It is thought to be the consequence of very high exposure to Plasmodium vivax in Africa over the past years [39] .
It has also been demonstrated that the blood group O provides some protection against severe falciparum malaria [41] [42] [43] [44] . This protective effect of blood group O operates through the mechanism of reduced P. falciparum rosetting (binding of infected to uninfected erythrocytes) [41, 44] . Questions still remain unanswered about the interactions between malaria parasites and other blood group antigens [45] . Panda et al, in India observed that the protective role of the blood group O and susceptibility of the blood group B to severe disease; and in a further meta-analysis of 19 relevant studies on falciparum malaria and the ABO blood group, the same findings of protection provided by the blood group O was noted but with susceptibility to the A and AB blood groups [43] .
IMMUNOGENETIC SUSCEPTIBILITY
The human major histocompatibility complex comprises one of the most important elements of the immune system, and is formed by multiple polymorphic genes. Of the different classes of HLA, individuals who are carriers of the class I, HLA antigen Bw53, which occur frequently in sickle cell anemia (SSA), are associated with a low risk of severe malaria [16, 39] . Indeed, carriers of the HLA-Bw53 have 40% fewer severe malaria infections than other subjects living under the same conditions [46] . This histocompatibility complex class I molecule is present at the hepatic stage and sporozoite antigens of T-Cells. The class II HLA haplotype, DRB1*1302-DQB1*0501, has also been shown to be associated with a lower susceptibility to severe malaria [16] . From a large case-control study of malaria in West African children in The Gambia it was demonstrated that a human leucocyte class I antigen (HLA-Bw53) and an HLA class II haplo-type (DRB1*1302-DQB1*0501), which are frequently encountered in West Africans than in other racial groups, are associated with protection from severe malaria [47] . Hill et al. in another study, in malaria-immune African subjects, with HLA-B53-restricted cytotoxic T lymphocytes noted a conserved nonamer peptide from liver-stage-specific antigen-1 (LSA-1), but no HLA-B53-restricted epitopes were identified. This observation indicates a possible molecular basis for this HLA-disease association and supports the premise of liver-stage-specific antigen-1 as a candidate for a malaria vaccine [48] .
Interleukin-4, encoded by IL4, is produced by activated T cells and accelerates proliferation and differentiation of B cell producing antibodies. In a study in subjects of the Fulani tribe of Burkina Faso, who have two times less malaria attacks and higher levels of anti-malarial antibodies than their neighboring ethnic groups, it was observed that the IL4-524 T allele was associated with high titers of antibodies against malaria antigens, and this raised the hypothesis that this could increase resistance to malaria [39] .
Acquired Protective Mechanisms
The State of Premunition Due to Malaria Endemicity
In regions where transmission is intense and lasts throughout the year, a state of tolerance to the parasite is progressively developed resulting in low parasitemia and the absence of symptoms, referred to as a "state of premunition" [49, 50] . Its major characteristic as a protective factor is in its slow acquisition, which seems to depend on continuous "pressure" of the parasite on the host immune system. Individuals in a state of premunition are also called "hyperimmune" [49] . This appears gradually over repeated reinfections and develops even earlier when transmission is high and constant. However, it is incomplete and does not confer complete elimination of the parasite reservoir. It is transient, and depends on the presence of the parasite within the host [50, 51] . This form of protection is therefore rapidly lost when a person leaves a malaria endemic area. The multiplication of the parasite can lead to death of the host, but the latter could develop protective mechanisms, which may, over time, inhibit parasite growth and thus eliminate the antigenic stimulus of protective immunity. The living parasite, could also evolve to bypass the host defense mechanisms. Some regulatory disorders of the immune response favor the development of immunopathological phenomena, which can cause death of the host or limit the growth of the parasite. Hence, a precarious balance is established between the survival of the host and that of the parasite [51] . Two phases involved in the development of premunition are [49] : -Acquisition of clinical immunity, which protects individuals against severe manifestation of the disease and death.
Development of anti-parasite immunity, which is responsible for maintaining parasitemia at low levels.
Antibodies seem to play a major role in immunity when the parasite is in the blood. Indeed, passive transfer experiments performed in the sixties and reiterated more recently, showed that antibodies from individuals with premunition could confer protection to other individuals [49] . Antibodies could act either directly, by blocking the invasion of erythrocytes by merozoites, or in cooperation with monocytes / macrophages through the opsonization and phagocytosis mechanisms of the Antibody Dependent Cellular Cytotoxicity (ADCC) or through mechanisms of Antibody Dependent Cellular Inhibition (ADCI). Through these mechanisms, antibodies contribute to the long-term control of parasitemia in individuals with premunition [49, 50] . A state of premunition is however not life-long immunity nor sterilizing in type because the parasitemia persists longer than the symptoms and individuals can exhibit relapses or recrudescences or become reinfected [50] .
In man then, recurrent infections by the Plasmodium parasite leads to malaria induce progressive modulation of the immune response by the acquisition of protective antibodies, causing immunity to the parasite and characterizing premunition.
Age
Congenital malaria is very rare, even though pregnant women are particularly susceptible to malaria. The prevalence of malaria placentitis exceeds 30% in holo-or hyperendemic areas, and approaches this rate even in hypoendemic areas [52] . P. falciparum infection during pregnancy is characterized by the accumulation of trophozoite infected red blood cells in placental intervillous spaces. The parasitized erythrocytes bind to chondroitin sulfate A (CSA), an abundant proteoglycan on the surface of the placental trophoblast. The parasite ligand mediating binding is VAR2CSA, a protein which belongs to the P. falciparum erythrocyte membrane protein 1 (PfEMP1) family of surface adhesion antigens. [53] [54] [55] [56] [57] . This permits the parasites to cover up a functionally important protein from specific IgGdependent immune attack without compromising its function or susceptibility of the infected erythrocytes being destroyed by complement-mediated lysis [53] .
During pregnancy there is a higher risk of Plasmodium falciparum, and this risk decreases with subsequent pregnancies. This is due to the acquisition of parity-dependent antibodies against placental parasites expressing variant surface antigens, VAR2CSA, that modulates placental sequestration through linkage to chondroitin sulfate A (CSA) coupled with a low IgG response [58] . Since this immune response is mounted and increased with subsequent pregnancies, this may explain the higher predisposition of women in their first pregnancies.
However, infection is rarely symptomatic in the newborn. The parasite most often disappears from peripheral blood within days, without treatment. This "natural resistance" of the newborn to malaria infection depends on two factors: trans-placental transmission of maternal IgG antibodies and the presence of hemoglobin F (Hb F) all of which adversely affects the growth of P. falciparum in RBCs [52] . Maternally derived IgG antibodies are known to provide protection against many infectious diseases, including clinical malaria, for periods up to 9 months in neonates and infants, although the precise mechanism for this protection is still unclear [59] . This protective role by transplacentally acquired antibodies to malaria during the first few months of life has also been put to question in other studies [60, 61] .
Breastfeeding could be an additional element of protection and this could be due to several factors. There is a defi-ciency of para-amino benzoic acid in breastmilk which is necessary for the synthesis of deoxyribonucleic acid (DNA) of plasmodium thus inhibiting multiplication of the parasite. Also, the presence of lactoferrin and immunoglobulin A (IgA) in breast milk have been shown to inhibit P. falciparum in vitro [29, 52, 59 ].
The newborn is thus relatively protected from the interactions of the parasite with syncytiotrophoblast receptors; transplacental passage of maternal antibodies; unfavorable conditions for parasite growth caused by the presence of HbF; and deficiency in para-amino benzoic acid in breastmilk.
CONCLUSION
Although malaria is still a deadly disease in most parts of the world, natural defense mechanisms as described in the review exist in the body and contribute to controlling the disease burden. These mechanisms vary from one person to another thus determining individual susceptibility to severe forms of the disease and may positively moderate severity of illness and the risk of mortality. This paper reviewed the contribution of hemoglobinopathies, enzyme deficiencies and epidemiological factors such as age and endemicity to the survival of human beings in malaria infested areas. Although the mechanism and physiology may vary, the common factor to these innate and acquired states is that they offer protection from severe malaria and its complications. In-depth understanding of these defense mechanisms may open pathways for further research on the development of malaria vaccines and more effective malaria treatments. However, given the variability in effectiveness of these natural defenses, efforts should be placed on preventive measures to reduce morbidity and mortality especially in high risk groups such as children under 5 years of age and pregnant women. 
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